Using electronic rather than paper-based record systems improves clinicians' information retrieval from patient narratives. However, few studies address how data should be organized for this purpose. Information retrieval from clinical narratives containing free text involves two steps: searching for a labeled segment and reading its content. The authors hypothesized that physicians can retrieve information better when clinical narratives are divided into many small, labeled segments (''high granularity'').
sharing responsibility for an individual patient. Computerization of the medical record is considered inevitable, but several impediments exist. The inability of existing electronic medical record (EMR) systems to incorporate physician-gathered clinical narratives satisfactorily is seen as one of the major impediments. 1 ''Clinical narratives'' are defined as clinical textual data that are traditionally recorded as natural prose. This article deals with the following types of clinical narratives: previous history, medical history (i.e., history of present illness and review of systems), physical examination, and progress notes. In classic medical record systems this information is usually stored as free text. Previous EMR research focused predominantly on problems of entering and storing clinical narratives. Few published studies concern how clinical narratives should be organized within an EMR to facilitate the retrieval of information. Information retrieval from free-text clinical narratives is a two-step process. First, the user searches through the clinical record to find segments that might contain relevant information, employing segment labels and note entry times as searching keys. The medical record can support this step by providing a searching structure in which clinical data are presented in a two-dimensional (label ϫ time) matrix. Such a searching structure is known as a flow sheet. 5, 6 Second, the user reads the content of pertinent segments to retrieve the information needed. This content can be textual (e.g., clinical narratives), numeric (e.g., laboratory results, temperature measurements), or otherwise (e.g., images).
Typical of textual data is the variable level of detail in which the text can be divided into segments. Clinical narratives containing a large number of segments have a ''high granularity.'' The more detailed these segments, the more specifically one can search by their segment label and the less one has to read. On the other hand, the less detailed these segments, the less specifically one can search, but the more informative is their readable content. Such clinical narratives have a ''coarse granularity.'' The granularity of clinical narratives determines the mixture of searching and reading and as a consequence may influence the clinicians' ability to retrieve information.
Is there an optimal balance between searching effort and reading effort when retrieving information from an EMR? The literature indicates that, among existing EMR systems, different granularities are used. 7 Since the authors could not find comparative studies investigating the granularity of clinical narratives, it was decided to investigate the influence of granularity on clinicians' information retrieval. The authors hypothesized that physicians would retrieve information faster and more completely when using clinical narratives divided into more numerous, smaller segments.
Method, Materials, and Test Design
The study evaluated physicians' ability to retrieve information from an EMR-in terms of speed and completeness-when using different granularities of clinical narratives. To control other factors that might influence the retrieval of information in clinical practice, a laboratory study was conducted. A number of physicians were asked to solve a set of predefined clinical problems concerning three preselected, voluminous, inpatient cases. The authors conducted this study in the domain of internal medicine. 
Granularity Sets and Medical Record System
The study compared three granularities of medical history and physical examination (undivided, divided into organ systems, and divided into separate questions or observations) and two granularities of progress notes (undivided and problem-partitioned). The authors defined three ''granularity sets'' combining the most encountered granularities of medical history, physical examination, and progress notes, as found in the literature. Previous-history notes were equal in all three granularity sets. These sets were as follows:
Ⅲ Coarse. This structure was an exact copy of the paper clinical record as it is used at the Department of Internal Medicine of Maastricht University Hospital. Medical history, physical examination, and progress notes were all undivided. Medical history and physical examination data gathered after intake were recorded as part of the progress notes.
Ⅲ Intermediate. Medical history and physical examination records were divided into organ systems, and progress notes were divided into problems.
Medical history and physical examination data gathered after intake were recorded after the corresponding data from the intake.
Ⅲ Fine. Medical history and physical examination records were further divided into separate questions and observations, whereas progress notes remained divided into problems. A further SOAP-like division (i.e., subjective-objective-assessmentplan format) of progress notes was not used. Medical history and physical examination data gathered after intake were recorded after the corresponding data from the intake.
The study presented the clinical record as a flow sheet ( Figure 1 ) in which clinical data were directly accessible by two indexes: segment label (vertical axis) and registration time (horizontal axis). This flow sheet was used for searching. Clicking a cell (or an area of cells) in the flow sheet would open a text window in which the content of these clinical data could be read. An asterisk denoted the presence of data behind a cell. The segment labels were organized in two ways. By default, they were hierarchically organized according to source, organ system, and type of observation (Table 1). The top level of the hierarchy consisted of the following ''sources'': background data, previous history, medical history, physical examination, progress notes, tests, and treatment. The user could enter a subdivision of a source by clicking the segment label. Clicking ''physical examination,'' for example, would result in a list of regions and body parts, and clicking the label of one of these would result in a list of separate observations (as far as the granularity permitted). Alternatively, the user could switch to an organization in which segment labels of any kind (source, organ system, etc.) were listed according to their relevance to clinical problems ( 
Patient Cases and Problems Addressed
The authors conducted the study in the domain of internal medicine, because it is the ''mother'' of many other specialties and harbors a substantial collection of voluminous patient cases. The authors filled the study EMR system with three large and complex patient cases. These cases were originally documented in paper medical records and transcribed into the 
*Notice that in one block of six physicians the granularity sets (A, B, and C) are balanced over the three series. In six blocks, the patient cases (X, Y, and Z) are also balanced. The number of physicians needed is 6 ϫ 6 = 36. For granularity sets, A indicates coarse; B, intermediate; C, fine. In the body of the table, AX indicates the combination of granularity set A and patient case X. The series numbers indicate the presentation order in which a combination of granularity set and patient case is offered. He was hospitalized because of suspected venous thrombosis, which could not be verified. During hospitalization, he developed end-stage renal failure. Patient Z was a 53-year-old woman who was hospitalized for suspected leukemia. During hospitalization, the diagnosis ''acute myeloid leukemia'' was established and the woman received chemotherapy for the first time.
The authors asked the clinician supervising each case to select for the case some instances where medical practices were (re)considered or reconciled: when on call, on rounds, or on consultation; when composing a discharge summary; or for clinical-audit purposes. Table 3 shows which problems were addressed. For each problem, the clinician formulated one or more specific questions that were or could have been raised about the case (see Appendix). A total of 19 questions were formulated: 7 about case X, 7 about case Y, and 5 about case Z. For each question, the clinician supervising the case had formulated a gold-standard list of essential data elements that should be retrieved.
The questions could be divided into three categories, according to the clinical narrative part involved (see Appendix, last column). For answering the three questions of Category I, only information from the previous history was needed. This section was equally structured in each granularity set, so the study employed these questions as a control. For answering the 11 questions of Category II, information from progress notes was needed. This section was equally structured in the intermediate and fine sets but was different in the coarse set. For answering the five questions of Category III, information from medical history or physical examination was needed. These sections were differently structured in each granularity set.
Outcome Measures and Cross-over Design
The authors were interested in the effect of the granularity set used on the speed of information retrieval and the completeness of information retrieved by a physician. For each physician participating in the study, the authors recorded, for each question, the time spent on searching and the proportion of essential data elements retrieved. For each physician, the study used as outcome measures the averages of the measurements for the questions across each granularity set.
The study used an outcome model with four main effects that could influence the outcome measures: granularity set, physician, patient case, and learning effect. The authors also included three effect modifiers (factors that could interact with the granularity effect) in the model: patient case, learning effect, and clinical expertise, since experienced physicians tend to use other thinking strategies than novices. 9 To balance the main effects, the authors used a cross-over design for three treatments. 10, 11 A completely balanced designin which each physician would be given all possible combinations of granularity set and patient casewas not acceptable, because the physicians would have to be confronted with the same patient and the same questions three times. Hence, the study used an allocation pattern known as balanced incomplete block design, in which each physician was given three combinations with alternating granularity sets and patient cases (Table 4) . A balanced set of outcomes would be reached with 36 test persons.
Test Population and Physician-sampling Procedure
The study was restricted to an academic setting. This setting encompasses a broad spectrum of clinical experiences and pays relatively greater attention to clinical documentation. The authors recruited the test physicians from the Department of Internal Medicine of Maastricht University Hospital. Candidates were physicians with ''sufficient'' experience in internal medicine, including all specialists (35 candidates) and those residents who were qualified as such by one of their supervisors (18 candidates). The authors stratified the set of test persons needed into 24 specialists (four blocks) and 12 residents (two blocks). The candidates were selected from a randomized list and contacted by telephone. The recruiting procedure stopped as soon as the sample size imposed by the study design was reached. At the beginning of the test, each participant was randomly allocated to one of the sequences in the block design.
Test Configuration and Data-sampling Procedure
To support the test design, the authors extended the EMR system with some specific functions: a procedure for randomly allocating a physician to one of the sequences in the block design, a mouse-skill test, an automated protocol for guiding the physician through the sequence of questions and patient cases, and a procedure with which all computer actions of the physician could be recorded for further analysis. The system was installed on a PC workstation in a separate room. To avoid disturbances, the physicians had to switch off their pagers. Each physician performed the test individually and was supervised by an investigator (first author).
At the beginning of a session, each physician answered some questions about clinical experience and computer skills and performed a short mouse-skill exercise. During the actual test period, the protocol automatically guided the physician from one question to the next and from one patient to the other. Each question was introduced by a brief description of the reason for consultation. Clinical information recorded after the period covered by the question was not presented. Measurements started when the physician switched to the clinical record to find the information needed. From that time, all user-driven actions were logged and time-stamped. If the physician found information essential as evidence, he or she had to highlight this information with the mouse. All computer actions, highlighted information, and possible additional comments were recorded in a Microsoft Access 1.1 research database for further analysis.
The test configuration was validated on six randomly selected specialists. The measurements obtained with these six specialists were excluded from further analysis.
Statistical Analysis
The measurement data were analyzed in SPSS 5.1 by conducting a many-way analysis of variance (ANOVA). Search speed was analyzed using a logtransformed scale. Significant sources of variance (P < 0.05) were further analyzed by means of a pairwise simple contrast analysis to determine which individual values were responsible for this variance, 12 using Bonferroni's correction for multiple comparisons. 13 If, for example, the granularity set was shown to have a significant effect on search speed, the differences between the individual granularity sets (coarse -intermediate, coarse-fine, intermediate-fine) would be tested.
Results
Overall, 80 percent of the specialists approached and 73 percent of the residents approached agreed to participate in the study. Noncooperation was, in all cases, due to lack of time. The average duration of an entire session, including explanation and preparatory exercise, was 50 min (range, 38-68 min), of which 44 min (range, 32 -63 min) were spent on the actual test. On average, residents performed the test in 42 min, specialists in 45 min. All questions were answered satisfactorily, according to the physicians themselves.
Granularity
Analysis of variance demonstrated that the granularity set used was a significant source of variance for the speed of information retrieval (P < 0.05, Table 5 ), but not for the completeness of information retrieved (P > 0.05, Table 6 ). Table 7 shows that the physicians could uncover approximately 80 percent of the essential data elements in each granularity set. Table 7 also demonstrates that information retrieval with the coarse granularity set (152 sec) was significantly slower than with the intermediate and fine granularity sets (P < 0.017). Information retrieval with the intermediate set (124 sec) and fine granularity set (131 sec) did not differ significantly.
To determine whether these differences were explained by the structure of the progress notes, the structure of the other narrative parts, or both, the authors conducted another analysis of variance, including also the question category (see Appendix) as an effect modifier of the granularity set. Its modifying effect was indeed significant (P < 0.05), which means that the kind of notes influences which granularity set enables the fastest searching. Table 8 shows that for previous-history notes (Category I) granularity does not make a difference. This was expected, because these notes were equally structured in all three granularity sets. Retrieving information from progress notes (Category II) when using a problem-partitioned structure was significantly faster than when using an undivided structure (P < 0.017). Information retrieval from medical history and physical examination, when divided into organ systems, was significantly faster than when further divided into separate questions and observations (P < 0.017). The physicians scored between when using undivided medical history and physical examination notes.
Other Sources of Variance
Strong sources of variance for both speed and completeness were patient case and order of presentation ( Tables 5 and 6 ; P < 0.05). Especially for Patient Z, the physicians needed more time (174 sec) and reached less complete answers (70 percent) than for the other two patients (Table 7 ; P < 0.017 for speed). A presentation-order effect (which is an indication of a learning effect) could be demonstrated only for speed: the last presented granularity set took less time than the first (Table 7 ; P < 0.017). The averages for completeness did not show any indication of a learning effect. The physicians differed significantly in speed (Table 5 ; P < 0.05) but not in completeness (Table 6 ). Clinical expertise did not influence the effect of the granularity set used, either for speed or for completeness (Tables  5 and 6 ).
Discussion
The risk of investigating more than one outcome measure is that the results may point in different directions. The authors found that the granularity of clinical narratives affects the speed of information retrieval but not the completeness of information retrieved. However, the two measures are not independent. In the simulated setting of the authors' laboratory, the physicians were allowed to complete all questions, however long it took. In daily practice, physicians often work under time pressure. That such a situation can lead to less complete answers (when searching takes too much time) was illustrated by Tang et al., 14 who studied the completeness of patient information retrieved by physicians during 168 return outpatient visits. In 81 percent of these visits, during which the physicians could use both the hospital information system and a paper shadow record, the physicians stated that they could not find all the relevant patient information. Of the missing data, 31 percent were from clinical narratives. So the authors of the current study have reason to believe that in reallife practice, a study similar to this one would lead to less-complete answers. In that case, it is likely that completeness would decrease most when the granularity that takes the most time is used.
The authors are not aware of other comparative timing studies concerning the effect of different granularities in EMR systems. A comparable study using paper-based clinical records was performed by Fries in 1974. 15 He compared the speed of information retrieval among 26 physicians when using time-oriented, traditional (source-oriented), and problem-oriented clinical records. In the time-oriented clinical record, Fries used a flow sheet presentation of data, with a fine-granularity searching structure for medical history and physical examination but with undivided progress notes. The physicians in his study consulted the time-oriented clinical record four times faster than the other record structures. A comparison of present study findings with Fries' results cannot be completed, however, because the studies differ in several respects. The most important difference (besides the paper medium) is the type of search questions. Fries used five ''common clinical questions''-two about blood pressure and one each about body weight, medication supply, and a laboratory test result. These questions concerned quantitative information that can be found in sections of the clinical record that were structured identically among the granularity sets used in the current study. 
Progress Notes
In the late 1960s, Lawrence Weed-promoting the problem-oriented medical record (POMR)-maintained that a division of progress notes into problemrelated segments would help physicians to focus on one problem at a time, without neglecting the overview. 16 Nowadays, the progress notes of most EMR systems are divided into problem sections. 1 The findings of the current study suggest that problem-partitioning makes information retrieval easier, indeed. Study physicians retrieved information from progress notes faster when using a problem-partitioned structure as compared with an undivided structure. The time gained -using multiple-pathology cases-was 22 percent, a level the authors believe is worthwhile.
However, one swallow does not make a summer. Problem partitioning is not the only characteristic of the POMR. The authors did not employ the SOAP structure* in the present study, a concept that has been much criticized. 17 -19 They also did not investigate the consequences of problem partitioning for the ease of data entry, which most consider to be problematic. The data entry problem might explain why some developers seem to have lost confidence in the problemoriented approach and have returned to undivided progress notes. 20 Nevertheless, having demonstrated the superior information retrieval capability of problem-partitioned progress notes, the authors believe there is a serious reason for spending more research effort on overcoming data entry problems of the POMR.
Medical History and Physical Examination
The authors found that retrieving information from medical history and physical examination notes divided into finely detailed, separate questions and observations was slower than when segments partitioned at the level of organ systems were used. These findings suggest that too-detailed partitioning has a negative effect on the speed of searching. Hence, the authors have to reject the initial study hypothesis that physicians retrieve information faster when using finer-grained clinical narratives. The authors have two possible explanations for this unexpected result. First, the time needed to search among a high number of detailed segment labels may outweigh the time *We do not consider the SOAP structure an issue of granularity, since it will dissolve automatically when using subdivided medical history and physical examination sections. In that case, the subjective and objective observations will be distributed among the pertinent parts, leaving only assessment and plan for the progress notes.
needed to read the whole story of a coarse segment. Second, the content of a single detailed segment may become so restricted that it no longer covers the clinical context needed for a proper understanding.
Among existing EMR systems, three different granularities of medical history and physical examination are in use: 1) without partitioning, 21 -23 2) with segments on the level of organ systems, 20,24 and 3) partitioned into separate observations or even single findings. 23, 25, 26 None of these EMR systems, however, has been evaluated specifically on its information retrieval capabilities. As far as the authors know, the current study is the first to reveal empirical findings that support granularity at the intermediate level. Nygren et al. 24, 27 chose this granularity on the basis of observations of the way physicians from different specialties read the medical record. Poon et al. 20, 28 preferred this granularity for presenting clinical narratives despite the fact that in their system these narratives were entered and stored as separate, structured data.
This study suggests a discrepancy between the optimal granularity for clinical narratives for information retrieval and the granularity that is utilized in studies facilitating structured data entry. ''Dynamic data entry,'' for example, implies the entry of clinical narratives as separate observations. 20,29 -33 To address both needs, clinical data stored as isolated facts must be aggregated into a segmented, free-text presentation format. The authors do not expect that this poses a serious problem, given the long history of applications that are capable of natural-language generation. 4,28,31,33 -35 The opposite approach-parsing free text into its factual components-would be much more difficult, because natural-language interpretation, although promising, is still an immature development.
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Generalizability
The way physicians consult the medical record depends on so many factors that it is difficult to isolate one of them. The laboratory setting the authors chose for the present study made it possible to identify and control effects other than granularity on the searching behavior of participating physicians. However, findings from a laboratory setting have a limited generalizability to daily practice. The absence of time pressure has already been mentioned, but also other factors were better controlled than in a real-life setting.
Patient case, and more specifically the question mixture, was a larger source of variance than granularity. The questions about Patient Z required on average more essential data elements than the questions about the other patients. Would a different sample of cases or questions have changed study conclusions? The authors tried to enhance the coverage of the study question mixture by instructing the clinician-author of the questions to choose situations that were representative of the cases and to keep in mind the four strategies of reading a medical record, as described by Nygren and Henrikson 27 : 1) to get an overview of an unknown patient case, 2) to refresh one's memory about a known patient case, 3) to search for specific data, and 4) to solve clinical problems (i.e., to generate and test hypotheses). More objective measures of the technical complexity of searching the medical record were not available. Nevertheless, the authors believe that the question mixture the clinicians generated was satisfactory, because no interaction with the granularity effect was demonstrated.
Would a similar study outside the domain of internal medicine, or in a nonacademic setting, lead to other results? The authors have reasons not to believe this. First, the present study did not show a difference between specialists and residents. Second, observations of the way physicians from different specialties read the medical record indicate that retrieving information from the medical record is a general skill that is an integrated part of clinical expertise. 27 Hence, the authors assume that if a similar study would lead to different results, it would be because of factors other than the clinical discipline or clinical setting.
A factor that truly limits the generalizability of present study findings is the limitation of the study to use of only voluminous cases. When information is retrieved from small cases (''thin'' medical records), it could be expected that the searching of undivided clinical narratives would be less problematic. Another limiting factor was the absence of the physician's familiarity with the cases at hand, as a result of the presentation only of patient cases that were not previously known to any participant. In routine clinical practice, a part of the information in the medical record is memorized by the physician, thus reducing the need for consulting the record. The medical record may also serve as a trigger for the physician's memory: When finding some information, he or she will also remember other information again. 27 The larger a piece of text, the greater the diversity of formulations that can be expected. This will raise the chance of memory triggers. Hence, if memorization has an effect on the preferred granularity, the authors assume it may shift from a finer to a coarser structure rather than the opposite way.
Also, the EMR system the authors used had some limitations that restrict the validity of study findings. The software development kit that was used (Visual Basic 3.0) did not support the latest features for free-text searching. Hence, it was not possible to search by keywords within large text bodies. Free-text searching by keywords (by the use of search engines) has become popular with the growing use of World Wide Web browsers. For searching in clinical narratives with a coarse granularity, such a feature would certainly have an added value. When available in an EMR, this feature may also lead to a preference shift from a finer to a coarser structure. On the other hand, the added value of search engines should not be overestimated. When reading clinical narratives, the clinical context of clinical data also has a guiding role. Search engines do not take this context into account, which may lead to an erratic way of searching.
Summarizing the factors that limit the generalizability of the present study, the authors conclude that the optimal granularity for clinical narratives may in some situations be coarser than the study revealed, but never finer.
Conclusion
Electronic medical record systems may facilitate the retrieval of information to support direct patient care, especially when large and complex cases are concerned. The present study reveals that increasing the granularity of clinical narratives improves perfor-mance, but increasing granularity too much impairs performance. Most benefit can be expected from medical history and physical examination notes divided into organ systems and progress notes divided into problem segments. This conclusion has been reached through a laboratory study of large and complex patient cases. In some situations (e.g., with ''thin'' medical records), the use of undivided clinical narratives may provide an alternative, but retrieving information from more finely segmented, separated questions and observations will never be preferable. Since evidence suggests that highly structured data entry can improve the quality of stored data, and since this involves a higher level of granularity than is required for optimal retrieval, the application of natural-language generating techniques will be needed to collate and retrieve record contents stored as individual items for data quality purposes.
The best way to validate these conclusions under a variety of circumstances-such as searching under time pressure, searching in ''thinner'' medical records, searching information that may partly be memorized, and searching with the availability of full-text search engines -is to perform a comparative study in daily clinical practice. For such a study, the authors need physicians who routinely use an EMR system that includes clinical narratives. At present, such systems are not implemented on a large scale, at least in The Netherlands.
